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ABSTRACT

The results of microwave attenuation, phase shift
and radiation temrcrature measurements in the late after-
glows of pulsed oxygen discharges of various types are
disoussed from the point of view of the collision freguenoy

and @G-faotor determination.

A new general theory for the evaluation of the G-
factor from the radiution temperature increases under
miocrowave heanting conditions is reported. The values com-
puted with this thecory in nitrogen are in very good agree-
ment with the previous diffusion measurements by Crompton
and Sutton, wherens in oxyrem the agroement with the
measurements by llealey and Kirkpatrick is much less

satisfactory.
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MEASUREMENTS IN OXYGEN

The first step in the research program for the
Year May 1, 1961~ April 30, 1961 has been to perform a set
of measurements in oxygen quite similar to the measurements

previously done in nitrogen.

This set consisted in measuring the attenuation in-
crease and the phnse shift of a microwave signal at 9650 Mc/s
and the microwave radiation temperatures due to an oxygen
afterglow plasma. The set-up is described in details in the
Technical (Scientific) Note N°1 (see also ref.2). Here we
recall only that the plasma is generated in a cylindricel
container, one meter long and with an internal diameter of
16 mm, placed in a circular waveguide with a 20 mm diameter.

The propacsation takes place in the doiiinant TE11 mode.

The neacurements are performed at different pressures
around few mm Hg, discharge currents and afterglow times.
Tor the fipst measnurements, like in nitrogen, we have used
the rositive plasma column of a conventional glow d.c. dis-
charge, generated across two electrodes nlaced outside the

waveguide, at the two endc of the containcr.

The results have been similar to those found in
nitrogen, namely the clectron temperatures are much higher
than room temperature, being around 2-3 thousands degrees
at post-discharpe times between 50 and 200/usec. If the
experimental conditions are changed over the pressure,
current and afterglow times ranges, at which the measure-~
ments may be performed with sufficient accuracy, only small
variations in the radiation tempefature are obtained. The

resulting temperature range is then too small for a deter-
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mination of the electron collision prodadility in oxygen.

To increase this range we have first tried to heat
the plasma with two high-power miocrowave signals at 9000 Mo/s
and 9200 Mo/s respectively, according to the scheme report-
ed in the Techniocal Summary Report N® 1, With this experiment
we hoped to determine also the fractional energy loss per
collision (G-factor) from the measured temperature increase
due to the applied miocrowave heating power, as it was
previously accomplished in nitrogen.

However, no appreciable change in the afterglow
temperatures was observed in our oxygen experiment, also
when the heating klystron power was increased up to 2 W.
This indicates a very large G-factor, which is in agreement
with Healey and Kirkpatrick, who report a value 60 times
larger than the elastic collision value.

Considering these results, the problem of decreasing
the electron temperature down to the thermal values was
again regarded as the basic step for a successful determi-
nation of the basic collision parameters in oxygen.

A hopeful approach to the problem to obtain a low
temperature oxygen plasma is the use of the negative glow
of a cold cathode discharge. With this type of discharge
J.M. Anderson 4) found in Helium radiation temperatures
as low as 350°K. For this purpose a new discharge tube and
a new modulator suitable for this type of experiment were
designed.

In this new design the discharge taker place between
two 0.2 mm tungsten wires, which are stretched along the
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inside wall of the standard 0.75" pyrex cylindrical con-
tainer. The wires are located at the two ends of a dianbter.
8o that their distance is 0.75"; at this distance the gas
pressure being .round 3mmHg, most of the discharge im
formed by the negative glow. A T-300 Brown Boveri triode,
driven by two 5687 tubes, provides for a 3.5 KV spike to
start the discharge and for a 600 V pulse to maintain it
with a current of 1 A for about 100/usec.

Two sets of measurements were performed: the first
one with the wire electrodes in a vertical plane and the
second with these wires in a horizontal plane. In the
second case the wires were located at the two positions
of minimum miocrowave electric field, so that a better
microwave match and lower attenuations can be achieved.

In bYoth cases measurements have been performed dboth
during the discharge and in the afterglow; microwave heat-
ing has also been used.

The radiation temperatures we have thus measured
range from BOO°K to BOOO°K. The corresponding measured
values of the parameter % /o p, (0% end o, being
the real and the imaginory parts of the plasma conductivity,
w the signal frequency ond p, the normalized pressure)
plotted versus the radiation temperatures(fig.1) show,
however, a large scattering. This scattering is probdadly
due in part to some residual mismatches introduced in the
waveguide by the discharge and in part to the different
shepes of the electron distribution function, which may
be far from the Maxwellian one, in the various experimental
conditions.

The errors due to the non-contemporaneity of the phase-
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attenuation and temperature measurements, which were re-
garded as another source of scattering at the time of the
first measurements, were removed using a new set-up, where
these data are taken at the same times.

Considering the large scattering of the above ex-
perimental data, no computation of the ocollision frequen-
cy has been made. From the measurements of radiation
temperature inorease, when the miorowave heating is present,
oonsistent determinations of the G-factor have been possidle.

Two considerations may explain why it is possidle ¢to
evaluate the G-factor and not the collision frequency.
The collision frequency is directly dependent on the
measured microwave attenuations, which are the less acou-
rate data, whereas the attenuations enter the G-factor
determinations only as corrective terms. Moreqver the
shape of the distridbution function does not appear ex-
plicitly into the formula for computing the G-factor,
whereas it has a major role in the collision frequency
formula.

In the Technical Summary Report N° 1 the theory for
the G-factor determination was given for the case of a
constant electron collision frequency and of a Maxwellian
velocity distribution. We shall present in the next
Sections a more general theory and a review of the entire
problem. The experimental data will be discﬁssed at the
end,

foglio ®  di18




THE G-®ACTOR PROBLEM

The problem to be discussed here is the determi-

nation of the fraotional energy loss suffered by an eliotron.

on the average, on each collision with the gas moleoules.
This quantity, which we shall call G, is exaotly defined
saying thas 0(mv2/2) is the average energy lost by an

eleotron of velocity v, which collides with a gas moleoule

st rest. In general @ is a function of the veloocity v.

When a microwave signal is propagating in a pleasma,

the electron mean enexgy is inoreased, becsuse the eleotrons

have their ordered oscillatory motion due to the field
changed to random motion on each collision with the gas
moleculea. If we measure the microwave energy absorbed,
on the average, by each electron, as well as the plasma
miorowave radiation temperafure. both in the presence and
in the absence of this microwave heating field, the frac-

tional electron energy loss per collision may be determined.

For this we need an energy balance equation written on an
electron basis,

In faot if the collision frequency is independent
of the electron velooity, the plasma microwave radiation
temperature (Tr) is a direct measure of the electron mean

energy (u = BKTr/Z). If G 18 also velocity independent,
then G times the change in the electron mean energy must
be equal to the energy absorbed from the field between
collisions, which in this case is the well known 2 s
ozrg/huﬁ » where Eh is the r.m.s. applied microwave field
and w, its radian frequency (low pressure caseg u:;s>Vi .
ﬂ; being the electron collision frequency for momentum

tranefer).
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When the ocollisicn frequency is dependent on the
velocity, the problem can still be solved easily, if
the measurements are performed in the late afterglow
of a decaying plasma in whioch electrons are in thermal
equilidrium with the gas molecules. In this case their
distribution function is Maxwellian and it remains such,
when the microwave heating signal is applied, pro+ided
that G is velocity independent.

Since the temperature of this Maxwellian distribhu-
tion is equal to the measured radiatican temperature, the
electron distribution is completely known. If the (V)
function is known, it is posuible to compute the power
absorbed by each electron from the field and the rate
of energy losses due to collisions with the gas mbleculgs.
Equating these quantities we obtain a relation, where G
is the only unknown. If the V,,(v) function is unknown,
it can be determined during this same experiment accord-
ing to a well-known method, measuring the plasma micro-
wave complex conductivity as a function of the radiation

temperature.

Also 1f G is velocity dependent, tie rroblem muy
in principle be solved, because the distribution function
is here given by an expression containing G(v) and a set
of integral equations may be written, which is sufficient
for the determination of the unknown x&(v) and G(v).
Thus the problem may be solved, at least by numerical

methods.

However, in the case of nitrogen and oxygen, the
collision frequency is not velonrity independent and the
isothermicity is not achieved in our late afterglows 2),
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because special heating provesses are active during the
decays and keep the electrons at a8 mean energy higher than
that of the molecules. This experimental result indicates
that the electron distribution funotion has to be consider-
ed unknown during the afterglow; the problem of determining
ihe G-factor seems thus hopeless for the lack of sufficient
data from the experiment.

Forturately, a more detailed analysis eaows that the
problem can be solved alsoc in this case, If we may corsider
G a3 velocity independent, at least over the main pu.t of
the concerned electron distribution functions, and if the
plasma microwave conductivities are measured, besides the
microwave radiation temperatures. This analysis is reported

here.

Let us assume a plasma in a steady-state and with
uniform characteristics over the entire space regcion of
interest. No external stntic magnetic field is applied
to the plasma. A microwave signal is sent through the
plasma and the changes in its amplitude and phase due to
the plasma are measured. F. om these the real and imaginary
parts of the plesma microwave conductivity 0~= G, +J07
are determined. These parameters are, in the low pressure

case, related to the plasma parameters by the well-known

formulas:
Y = ne‘/m‘u‘ (1)
o, = - e /V. 4TV oly (2)
3mut

Here n is the electron density, £ is thic spherieally
symmetrical part of the electron distribution function,
normalized so that /{ qmvidv= 4 , and w is the radian

’
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frequenoy of the measuring signal

The main quantity, which is measured in the present
experiment, is the incoherent radiation emitted by the
plasma at microwave frequencies. In particular the exper-
iment is performed sending through the plasma the microwave
radiation of a black body at a known temperature and find-
ing the temperature at which the absorbeld radiation equals
the emitted one. This black body temperature is called the

plasma radiation temperature Tr.

Bekefy,Hlrshfield and Brown 3) have shown that this
temperature is related to the plasma parameters by the
formula:

, w0 [ .F
i t | 3
Kle o o o vT 4TV /u.,vi.-ﬂrv‘alv (3)
m / " v
(/] -]

We shall now apply to the plasma 2 microwave heating
field, uniform throughout space, with a radian frequency
wy, and derive an energy balance equation, where the unknown
G is present and the above defined plasma parameters may
be substituted in.

We start by writing the equilibrium condition that
the rate at which electrons would pass a velocity v in the
upward direction, under the influence of the applied micro-
wave heating field and in the absence of collision losses,
must be equal to the rate at which electrons would pass
the same velocity v in the downward direction, at the moment

the microwave field is removed. The equation is:

[ [ 2]

[ '] .~
AT B AR ek e) iy (4)
2 mtwy 14 J

14
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where one prime will indicate throughout the values of the
quantities without the microwave heating field and doudle
primes those in the presence of the heating field. In this
equaticn B 1s the spherically symmetrical part of the rate
of change of the probability to find an electron in a ve-
locity volume element and 1s given by the difference bex-
tween the probadility that the electron be scattered into
that volume in the unit time and the probadbility to dbe
scattered out.

According to Allia1), when G is velocity independent,
and the scattering angle is distributed as for elastic co0l-

lisions, the function B(v) can be written ast

L[l KR 42y (5)

v
where Tg is the temperature of the gas molecules.

Introducing this value of By eq.(4) reduces to:
‘TW‘L‘ IT mV ‘( mv dv] (6)
Multiplying both sides dy mv, integrating over the
entire velocity space and rearranging, we obtains

< A rvtd .
[-m £\)m v 7S 8% V] E' | (1)
c(_'mu (BT Al KTy 4F) il
mv o

v

This is clearly an energy balance equation. The left
hand side 1is C:Ywu)-E:/n" , namely the mean power absorbed
from the field by each electron; the right hand side is
the difference between the mean power lost by an electrcn
in collisions, when the henting field is pr«ient, and the
mean power lost in the abscnce of this field. The terms
containing TE come in because the gas molecules are not
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at rest, as in the definition of G, but have a Maxwell
distribution with temperature Tg.

Fortunately enough, all the integrals in eq.(7) are
of the types given in eqs.(2) and (3); when these equations

and eq.(1) are substituted into (7), this can be solved for

G to gives :
|
2 'l/ L !
where ;
: /%
AT =T, —Tg—W(T’_TS) (9)

The quantity AT, which has the meaning of a tempe-
rature difference, is easily computed from 211 the measured
parameters. In particular, when the collision frequency is
velocity independent, we have AT = T; - T; and when the

"
afterglow plasmn is isothermal, we have AT = Tr - TG .

Eqs. (8) and (9) are thus tne basic relations which
solve our problem, within the discusged limitations. They
have been uced for computing G in nitrogen and oxysen from
our set of neasureinrnts of the microwave conductivity ratios
G}/G} and radiation temperatures with and without the

micrownve heating.

In the actual experiment, hoacver, the rlasme is

generated, heated and measured in a waveguide so that the

fields and the¢ plasma characteristics are not constant ir
gpace, as assumed by the rrevious theory. In our experiment
the geometry of the discharge and the microwave heating

are such that all the quantities of interest arc functicns

foqlic 1" di
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only of the pouition in the cross-scction of the cylin~
dricnl plasma column and not of the position along the

axia.

Inotead of the condvetivity ratios, we thus measure
the attenuation/phuse nhift ratios, (A/%ﬁ) where A in the
attenuntion in Nepers, and () the phase shift in radinns),’
given by:

A/¢ = {.'.a',E;allS/[a-i £l ds (<0
| 4

where Em is Lhe measuring field configuration over the

plasma croans-gection 5,

The meaoured radiotion temperaturecs are givén by:

<T”>=LT,,G;E:JS/£0~',E;AS (11)

In the praesence of n microwave heating field, not
uniform ‘over the cross-section, we distinguish between
two limiting caven: 1) the cuse of infinite thermal con-
ductivity of the plaoma, oo ihat the distribution function
is independent of the vosition in the plasma, 2) the cacsce
of zecro thermul conductivity, <o that th- distribution
function i3 varying vith the position, but has at each point

the uniform case vrluen under the loenl heating £ield.

In the first case the cnercy bulance equation for
electron (7) may still Ue considered valid, if we teke for
2
E; & convenient averase value over the placmse; a simple

h
phyoleal reasonins; shows that this convenlent value is:

Best Available Copy
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£ - £n E:Js/ j;..ds (12)

' ?
If we now multiply both sides of (7) by w' E,, d5
and integrate over the plsama cross-section, assuming the
density ratio n'/n“ independent ¢f position, we obtain the

same eq.(8) for G with Ei in place of Ei and
y ' ) '
AT‘=<T’>-T3- A ¢ (<T'7 —TS) (13)

A'/p"

In the zero thermal conductivity case eq.(7) is
valfd at each point. If we multiply both sides by m"E.:.JS
integrate over the plasme cross-section, assuming the
density ratio n'/n'I independent of position, and finally
divide by the factor fsd'..“E.: 45 , we obtain again for G
eq.(8), where AT is still given by (13), bdut Ei has to
be substituted by the average value:

B~ (ol ) [olelis (14)
S S

A simple criterion may be given to determine wheth-
er the zero or the infinite thermal conductivity formula
has to be preferred. The zero conductivity formula (14)
will be chosen, when for the average electron the energy
relaxation time (7T, ~ I/GV.M) is shorter than the time
required by the clctron to diffuse over a distance of the
order of the heating field disuniformities (T4 X BVM‘71V7
where { is the above said distance). The infinite conduc-
tivity formula (12) will be used in she opposite case.

foqha 13 4 18
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G-EACTOR DETTRMINATIONS FROM EXPERIMENTAL DATA

The results of the previous analysis will now dbe
applied to compute again the G-factor in nitrogen, whioch
wao determined in the Tochnical Summary Report N° 1 under
the simplifiod mosumptions of a constant collision fre-
quency and of a Maxwellian distribution. They will also
be applied'to the oxygen experimental data obtained in
the measurements reported in Section 1 of the present

Repory.

In our experimental conditions the zero thermal
conductivity formula (14) for Eg has to be preferred.
In fact, both in nitrogen and in oxygen using Phelps
data 5) and our results, the energy relaxation times are
less than 1/u9, or at the most cqual, whercas the diffusion
times over the distance of one wavepguide rodius are always
longer then 1 ,us. The conductivity 0, , which enters into
Eq.(14), is proportional to the density w" and depends
on the lpeal,electron energy; in our experiment we may,
however, disregard- this deperndence on the basis that the
energy increase 1o only a fraction of the initianl electron
energy. For the spotial varlation of the elcctron density
we have agsumed 8 conatant dencity in the nitrogen plasma
(recombination controlled decay) und o radinl Bessel J,
varation in the oxyren plasma (attachment nind diffusion

controlled dccay).

The results are as follows:
1) In nitrogen, ot radiation temperatures between 3000
and 55009K, G = (3.95 4 0.25):10" 3

of this vnlue on the temperature is observed.

and no dependence

Best Available Copy
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2) In oxygen, at radiation temperatures between 850 and
1900°K, G = (4.8 + 1.0)°1O'3 and the afterglow measure-
ments seem to indicate a deorease in G, when the
temperature inoreases.

From the data obtained by Crompton and Sutton 6)

in nitrogen we have G = 3.3.10"% at the electron tempera-

tures of 4000°K and 4700°K, assuming & Maxwellian distri-
bution for the electrons in their experiments, and

G = 4.1.10" and 4.3.10~% at the same temperatures, as-

suming a Druyvesteayn distridutiorn. These data are in very

good agreement with out measurements.

From the data obtained by Healey and Kirkpatriok (7)
in oxygen we have G = 7.3.10'3 at the electron temperature
of 1600 °K, a greater value than ouvs.

FUTURE WORK PROGRAM

On the basis of the above results and according to
the Contract Extension Proposal, our future work program

is as follows:

1)- Using a transverse static magnetic field we increase
both the real and the imaginary parts of the plasma
microwave conductivity. We can thus improve the acou-~
racy of our attenuation measurements and extend them
later in the afterglow up to the time when the plasma
has reached the iscthermicity condition. From these
data we expect to be able to derive reliable collision
frequency values for the owygen case.

2)~- Microwave heating is larger when its frequency is near
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to the gyro-resonance. We expeot to extend our G-
factor determinations in oxygen up to larger eleotron
enedgy values than here reported.
3)- By the same microwave methods e electron collision
frequency and the faotor energy loss per collision
will sleo be determined in nitrogen-oxygen mixtures.
4)~ We shall also investigate the possibility of performing
similar measurements in atomic oxygen, produced by a
discharge in oxygen under convenient conditions.

f()()llO1 6 di 18

- .,.47""""' »1‘



e e T o W A R IR S AR Tt o

1)

2)

3)

4)
5)
6)

1)

t{-.-,ég S.p.A.

REFPERENCES

We P. Allis, "Motions of Electrons and Ions", Handbuch
der Physik (Springer-Verlag, Berlin 1956), Vol. 21,
PP. 383-444

D. Pormato and A, Gilerdini, "Ionization Phenomena in
Gases", edited by N.R.Nilsson (North-Holland Publishing
Co., Amsterdam, 1960), Vol. 1, p.'"9

G. Bekefy, J.L. Hirshfield and S.C.Brown, Phys.Fluids
Vol.4, 173, (1961)

J.M. Anderson, J.Appli. Phys., 31, 511 (1960)
A.V. Phelps, J. Appl. Phys., 31 , 1723 (1960)

E.W.Crompton and D.J. Sutton, Proc. Roy. Soc. (London)
A 125 , 467, (1952)

R.H.Healey and J.W. Reed, "The behaviour of Slow Tlectrons
in Gases", (Amalgamated Wireless Imt., Sidney, (1941),
P.9%4

foglio 17 41 8




DLl y Q0ODF 0008 OG0B 000+ 0009 owos 000y

di 18

090}

M.u.o..l W@ joprelany 4
o Ppolos @
(pvw) v jJoupep =

b e amogy

T

foglio 18

a3

['S

g3

(e =]
¢

Mod. 18 - 210x S



*£1030¢28 1398 sse] qonm 81 FORIIwinTy pue Leresy £q sjuesm
neven I juswsexPe ouy UelLxo Ul sweregm ‘uoiing pue nosdwar)
£q s3wsEsITSveR UOTSNIITP SNOTAGXE U3 ia jusmsexie pood Liesa uy
oxw 2eR0I3TU UY Lxoeqs SIU3 QI peyndmoo senyea ofl °pejrodex st
SUOTITPEOC FLTINEY GANROIOTE IOPUN SESWAIOUT SINjuredss) WOTISTPRI
oqy Wox3 3070%3-D 043 JO UOTIWOTRAS @Yy I03 Lr0eqy Texeue? Asu y
*WOTIWITEISSP 103093 puv Lomenbexy UOTSTIIOD 6UI JO
A8TA JO 3UT0d Py WOXIJ PESIROSTP exv sedfy snojrma Jo safIwqosyy
celfxo pesTod JO SAOTSIeiJe 939 643 UL SINEAITSTES sImsiedmey
UOTSETPAT PUB 3JTHS eowqd ‘TOTIVREN3IV GATSOIOTE JO S3TNSEI QL $IIVEISTV

£Tesx ‘emog‘oortzI X SUTIINQTL 9T ‘°ved g VIEITED SwWOTIwSTUWRIQ
(Wb o4 gL seeieg

19 TRdy of ™ eyng

TOTRIvIID °V POV ;yvmzay °q ¢ &g

o2FDIX0 @IV IDCELIN M STIOKINCSHS ROISTITO NORLIOSTT
QEV SMOALVEFIEL RODESLIY 20 KOIIVITYCLET CAVAGEOIN. STLLIL

2 off 330dey Livweng TwoTUYOIN]

mrrreg ‘srescnig

$291J30 uvedornz ‘pumav) juemiolsasq

PUT qOIweseg ITY ‘eaxod ITY seiwig pAIjun
6€ - (260) 19 JY 305 39%I3U0)

*.1 YISy

S ——
*£3030832333ES cal YOLI £ AIWXIeduITY puv Lerwer £q sjues

TInswes GITA JUSTASIS® 073 UallIo UL sweIeia Suolyng pue uoydooxy
£q S4USTAINGTOR USTENZJITP snoTASId U318 Jusmselfe pood Liea wy
orv usSoryyu uy LIcoU3 STHY GITA PeNdEod Seniea o5l *pestoder sy
SUOTY TPUOD FUTIVON GAUROGIITE JOPUN SOSVEIIUT sxnjuiedws) UOTLEIDEI
oQy WOIJ 1030%j~D 0G3 JO UOTIWnTRAS o33 J03 LI0eH} [wIeus? meu ¥
*UOTIRUTUISIEP I040¥3-D Pue Lousnbesj WOTSTIIO¢ o7y jO
A01A 30 3utod oq3 OIJ PeSSNOCYIP eiv sedly snolIwa JO selxveros TP
e Ax0 pesTnd JO sROTIL63jE eir] 0T} UT SIUSCAINSTHE aInyeIedoe;
UOTIETIPEI TU® 33Tys eseqd ‘UoTjENUEILT BATAGIOIE JO SINSAI O] SLOVELCEY

Lol *euay®~optet = TuTIInGIS ©TA *cved g YINITLS 3UOTITZTUR"IQ
$ $°III B tseeg

19 T Y f & e3wC

TUTPIEITD °V PU= o3waros °q ¢ Lq

«TSXXD QY I BIIKS I1 STIOENRIES ITISITION XTELDCT
ALY CUALYGTdNEL RYIDTRLEY SO NOIIWIING ST GAVAREOI e STUWIL
Z off 3x0dop Limuing redTUYSSy
m@reg ‘spessnxg
951330 uweedorn: ‘puecTo) jtounioyessq
TuT CoJeecsy ITY 05307 JTY BeIRIEC POITUN
6¢ = (262) 19 &Y 307 IDRIJUGY
o8 VILEY

*£3030¢38 7398 sce] Yo st WOXIWINITY pue Lefron £q c3uex
SInswes QIR 3wewsexfr oy usff¥o Wl sveleyn ‘moigng pue ucsdoord
£q syusESINSVOR TOTIRIITY snotAexd WA juemeerde poad Liea ug
oIv waSoryyu uy L1009y STYY TITA peandooo semtua eql ‘pessodex s3
SDOT; TPU0S PUTIPOY GABROGIOTE JOPUN SESTOIOUT arnjtiedusy UOTIVIPEI
o4} WOXZ I039%3~D OY3 JO WOTITNTRAS oWy JO; LIioeys; T:Idual’ asu ¥y
*UOTITUTEINI OP I0308]=p Puv Lousnbders uwoteI(Y00 oq} JO
as3a Jo suijod sgy ooz pessnoctp cre selli cnolrva 30 seSIw:osTPp
meSfxe pesad Jo SROT2Ie33T €3ITT o3 Ul SIUSCAINSTEN aImjtredan;

aoTIeTPEr puw 3ITqs sewqd ‘uoTiTruellw SABAOIOTO JO SYNSI 4L SIIVEISEV

L1331 ‘encgtoop?Z) o wuTIINGIC via ‘eyedeg VINITE (uoTswETUIQ

} 8°I1 g4 9sedeg

19 Tsxdy of ¢ eIw

TUTPITIID °V pUC Ggwwmiog °q ¢ &g

«DIX0 IV EDEIIK XTI SCIOZZALT=d ACISITIOO NOELXT

7EV STEAIVECITL AUDECIAY J0 SOILVIDEILIC TAVAMIOYe $TINII

2 off 320deg Livemg TeOTWIe]

ndteg ‘atecenag

923320 Trodoim: ¢puwczo) jueaiorTessq
puUT gyoxwesey 1Ty ‘eaxag ITY ceirys peaTun
6f ~ (260) 19 &y sor 3o=33C)

o VICEY

e e —
*£3050TICT4TH 8E0T YORT BF {OWIFUIIITI Tt LfeTre, LJ €3TiL

TINSTIN YITA JUOTOOIPT oyl usCLoXOo Uy s-eIeTa fudiine pre wvozduol)
£q s3uocoInsTen TWOTEINIITY snotaerd TITA JUSTOOI’T poaZ Lres uwy
oX® UWAJOILTE Ut £I0043 STUS QITA DPrITiCcO cenytd %Y °*pejlodel sy
SWOTLTPUS0 FTUTITOT GATAOGIOTE IOTUN SOTTOIIUT oI uIeETey TOTILTPLI
oYy WOIZ I039T3=0 6Y3 JO UCTITHTRAC OG) IcI L3063y [uIeus? Aeu y
SUOTITUTBINIOT 20408~ puv foueniolrl UOTSTIIOO oUY JO
ASTA JO U] e} COXJ pPesER S TP ext sedly snotiva Jo sefrwqostTp
uolLxo vesTnd JO SAOTYI93JU 3T O3 UY SIUNTHINSEST SINjuIsdtsy
TOTITIPLI PUT 3ITYE ecvyd ‘UOTIVNUNIIE GABAOGIOTL JO SINSEX o9 SITEISEV

ATeax *ecoy’ooytzi o UMY ot f°ved s VITITS sWOTVETUID
 s°IX g1 srelveg

19 Twdy of ¥ e3wg

TUTRIETID *V puUw ojvuiag °q ¢ &y

SIT0IYO0 TNV T O0CIIN MI STIDMNALIAd JOISTTIN NOELOTTC
QIV STEAIVE " DCL AUDECLIV 40 SOIIVLDTTITE TAVAECDis $TLIL

Z off 3x0dey Lrwomg Teotuqos:

~treg ‘syeccnig

091330 uredarm: ‘puwano) juenioTeAeC
TUT YoIvess: ITY *eax0f ITY B3 .- PeITud
6€ = (260) 19 AV soq 39mIVOD

*Cl vISY




